1. Introduction
===============

Sepsis is an acute and critical disease in emergency departments. Its acute onset, rapid progress, and high mortality rate make timely assessment of the disease and its prognosis particularly important for physicians specializing in severe acute diseases.^\[[@R1]--[@R3]\]^ Systemic multiple organ dysfunction is an essential feature of sepsis,^\[[@R4],[@R5]\]^ and the liver is commonly involved in the multiple organ dysfunction syndrome caused by sepsis. Liver dysfunction can lead to coagulation dysfunction and ammonia metabolism disorder, lead to abnormal blood coagulation and elevated serum ammonia level.^\[[@R6],[@R7]\]^ In recent years, studies proved that sepsis may cause swelling of intestinal mucosa, leading to defective barrier function and intestinal bacterial translocation, which aggravate systemic infection and cause additional ammonia in the intestine to be absorbed into the blood.^\[[@R8],[@R9]\]^ In addition, patients with sepsis are generally undergoing the decomposition of massive amount of amino acids while ammonia production appears to increase, due to the highly active metabolic rates and negative nitrogen balance. Numan et al^\[[@R3]\]^ suggested that the elevated ammonia was related to longer hospital stay for patients with sepsis. However, whether serum ammonia levels can be used to evaluate prognosis among septic patients is yet to be determined. In this study, we investigated the role of serum ammonia level on the 28-day mortality evaluation of patients with sepsis through a retrospective analysis of septic patients. We hypothesized that the serum ammonia level on admission was associated with the 28-day mortality of the patients with sepsis.

2. Methods
==========

2.1. Patient enrolment
----------------------

This was a 2-center retrospective study. The definition of sepsis was based on the third international consensus definitions for sepsis and septic shock.^\[[@R10]\]^ Septic patients admitted to the Emergency Department of the West China Hospital, Sichuan University and The Fourth People\'s Hospital of Zigong city from June 1, 2017 to May 30, 2018 were enrolled and divided into the survival group and death group according to the 28-day survival.

2.2. Inclusion and exclusion criteria
-------------------------------------

Inclusion criteria for the study were:

1.  patients who visited the emergency department of the West China Hospital, Sichuan University and Zigong Fourth People\'s Hospital with the diagnosis of sepsis and age ≥18 years;

2.  patients with essential data for this study.

Exclusion criteria were:

1.  patients with acute or chronic liver disease;

2.  gastrointestinal bleeding;

3.  malignant tumor(s);

4.  recent administration of immunosuppressive agents or high-dose hormones;

5.  human immunodeficiency virus infection;

6.  pregnancy;

7.  missing follow-up.

2.3. Methods
------------

The study was in compliance with the Declaration of Helsinki and was approved by the Human Ethical Committee of West China Hospital of Sichuan University (No. 2017 (279)). Vital signs (blood pressure, heart rate, body temperature, SPO~2~) and Glasgow Coma scale (GCS) score were measured in the emergency department. The patients were examined for blood routine, biochemical indicators, and other clinical factors immediately after admission to the emergency department. All patient data were collected and analyzed using the electronic medical record system of the hospital. Survival was determined by 28 days follow-up after admission.

2.4. Quality control
--------------------

The data were double-checked, and the recording of the data was supervised by the administrative team. When the data verification was observed to be inconsistent, the medical team leader verified the data to ensure its authenticity and reliability. Follow-up was carried out by a dedicated person. Wrong telephone numbers, 3 unanswered calls at different time or not being amenable to follow-up was defined as lost to follow-up.

2.5. Statistical analysis
-------------------------

The sample size was calculated based the serum ammonia. A 2-sided *P*-value was set as .05 and power of the test was set as 80%. We estimated that at least 5 variables were tested simultaneously in multivariate regression models. According to the variable number was required for at least 10 times of sample size of the outcome events, the minimal number of patients with 28-day mortality was 50. The former study in our hospital showed the 28-day mortality of the septic patients of approximately 30%. Therefore, a minimal sample size was about 167. Considering the number of excluded and lost follow up patients, we finally determined a necessary sample size of at least 250.

Continuous data were expressed as mean ± standard deviation. Categorical data were expressed as counts and proportions. Assessment of normality of continuous variables was conducted using the Skewness--Kurtosis test. Logistic regression analysis was used to estimate the risk factors. The receiver operating characteristic (ROC) curves were used to evaluate the predictive value of serum ammonia level for prognosis of septic patients. Pairwise comparison of ROC curve was used to compare the difference of areas under the curve (AUC) among different groups. The area under the curve (AUC) \>0.75 was defined as good predictive value. A 2-sided *P*-value \< .05 was considered statistically significant for all tests. All analyses were performed using SPSS statistical software version 24.0 (IBM Corporation, Armonk, NY) and Medcalc version 18.2.

3. Results
==========

3.1. Baseline information
-------------------------

A total of 316 septic patients were enrolled in this study, including 201males (63.6%), with an average age of 63.82 ± 0.91 years. Total of 95 patients died before 28 days. Baseline information such as age, sex, body temperature, respiratory rate, and blood pressure did not significantly differ between the 2 groups (*P* \> .05). However, the heart rate in the survival group was significantly lower than that in the death group (*P* \< .05) (Table [1](#T1){ref-type="table"}).

###### 

General clinical data of 28-d surviving group and death group in patients with sepsis.

![](medi-99-e19477-g001)

The leukocyte, C-reactive protein (CRP), total bile acid, serum ammonia and SOFA score were significantly lower in the 28-day survival group than those in the death group (*P* \< .05), while the GCS score were significantly higher in the survival group than those in the death group (*P* \< .05) (Table [2](#T2){ref-type="table"}).

###### 

Comparison of laboratory indicators and related scores between 28-d surviving group and death group in sepsis.
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3.2. Univariate logistic regression analyses of 28-day mortality rate in patients with sepsis
---------------------------------------------------------------------------------------------

Univariate logistic regression analyses were employed to analyze the risk factors that featured statistical differences between the 28-day survival group and the death group. It was observed that heart rate, systemic blood pressure, CRP, SOFA score, leukocyte, and serum ammonia level are the risk factors affecting the prognosis of septic patients, as shown in Table [3](#T3){ref-type="table"}.

###### 

Univariate and multivariate logistic regression analysis of 28-d mortality in patients with sepsis.
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3.3. Multivariate logistic regression analyses of factors affecting 28-day mortality in patients with sepsis
------------------------------------------------------------------------------------------------------------

The risk factors in univariate logistic regression analyses were further performed multivariate logistic regression analysis. After the confounder adjustment, the CRP (odds ratio \[OR\] 1.001, 95% confidence interval \[CI\] 1.005--1.018, *P* = .001), SOFA score (OR 1.619, 95% CI 1.407--1.863, *P* \< .001), leukocyte (OR 1.061, 95% CI 1.013--1.113, *P* = .013), and serum ammonia level (OR 1.063, 95% CI 1.044--1.081, *P* \< .001), were independent risk factors affecting the 28-day mortality rate of septic patients, as shown in Table [3](#T3){ref-type="table"}.

3.4. Predictive value of the independent risk factors
-----------------------------------------------------

The predictive value of CRP, SOFA score, leukocyte, and ammonia level in predicting 28-day mortality risk of septic patients was analyzed using the ROC curve. Both the SOFA score and the serum ammonia had the ideal predictive value, with the area under the ROC curve (AUC) of 0.815, and 0.813. The best cut-off value for serum ammonia was 61.1 μmol/L, with an estimated sensitivity and specificity of 0.77 and the 0.70, respectively (Table [4](#T4){ref-type="table"} and Fig. [1](#F1){ref-type="fig"}).

###### 

ROC curve analysis of prediction for 28-d mortality in patients with sepsis.
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![ROC curve of serum ammonia, CRP, leukocyte and SOFA score to predict 28-d mortality in patients with sepsis. CRP = C-reactive protein, ROC = receiver operating characteristic, SOFA = sequential organ failure assessment.](medi-99-e19477-g005){#F1}

Further analysis revealed that the AUC of ammonia is significantly higher than the leukocyte (*P* \< .001) and CRP (*P* \< .001). The AUC of ammonia is significantly higher than the leukocyte (*P* \< .001) and CRP (*P* \< .001) as well (Table [5](#T5){ref-type="table"}).

###### 

Comparison of efficacy of different risk factors in evaluating the 28-d mortality in patients with sepsis.
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4. Discussion
=============

In this 2-center retrospective study, we demonstrated that elevated ammonia level on admission was significantly higher in septic patients with 28-day mortality. Using multivariate regression analyses, we founded that the heart rate, CRP, SOFA score, and the serum ammonia levels were independent risk factors for the prognosis of septic patients. Fever and systemic hypermetabolism can lead to increased heart rates in septic patients.

The elevated serum ammonia level on admission in patients with sepsis was found to be an independent risk factor that affects their prognosis. The possible explanations are as follows: first, sepsis may lead to hepatic dysfunction, which impairs the capacity of ammonia metabolism and cause the serum ammonia level elevation. That is to say, serum ammonia cannot be metabolized normally with impaired liver function, and the accumulation of ammonia in the body leads to increased concentrations of ammonia in the blood. Recent studies have found that abnormal liver function occurs at an early stage of sepsis, which leads to the liver metabolism dysfunction and metabolic waste accumulation in the body.^\[[@R11],[@R12]\]^ It has also been shown that sepsis leads to a marked deterioration of prognosis and a significant increase in mortality rate in patients with abnormal liver function.^\[[@R13]\]^ The pathophysiological mechanisms that may underlie this are associated with the activation of macrophages in liver, abnormal distribution of liver blood flow, ischemia-and hypoxia-activated oxidative stress in liver tissues, and the injury of vascular endothelial cells.^\[[@R14]--[@R20]\]^ Second, sepsis also results in gastrointestinal mucosa swelling, defective barrier function, and intestinal bacterial translocation. Furthermore, enhanced ammonia absorption into the blood is another possible explanation. In recent years, it has been confirmed by a series of studies that acute gastrointestinal injury caused by sepsis is a cause leading to the aggravation and poor prognosis of septic patients.^\[[@R21]--[@R23]\]^ Therefore, ammonia levels are associated with abnormal liver function and acute injury to the gastrointestinal tract in septic patients; thus, this is an independent risk factor for poor prognosis and increased mortality rate in sepsis.

This study also indicated that the CRP, leukocyte and SOFA score is an independent risk factor for 28-day mortality in patients with sepsis. The CRP and leukocyte level reflect the extent of infection and body systemic inflammation response in some extent, which was quite common in patients with critical infections.^\[[@R24]--[@R26]\]^ The results reminded us that the systemic inflammation had great effects on the prognosis of septic patients. Timely and effective interventions to alleviate the inflammation, such as the early antibiotics treatment, were quite important for improving outcomes.^\[[@R27]\]^ Similar to other studies, we also demonstrated the association between the SOFA score and the outcome of patients with sepsis. SOFA score reflects the degree of systemic multiple organ dysfunction, and it is widely accepted as a prognostic assessment for septic patients.^\[[@R28]--[@R31]\]^

4.1. Clinical implications
--------------------------

In the present study, we found that both the ammonia level and the SOFA score had similar predictive value for the prognosis of patients with sepsis. However, given the complexity of calculating the SOFA score and its requirement for the assessment of numerous indicators, in contrast, the ammonia level in serum is a single parameter, and it is easy to obtain in the course of clinical practice. It has unique advantages for the early prognostic assessment of septic patients, especially in the work of emergency physicians performing rapid assessments of patients with sepsis. Furthermore, based on our findings, we suggested that early interventions to protect the liver function and reduce the serum ammonia level might be helpful to improve the prognosis of patients with sepsis.

5. Limitations
==============

This study has some limitations. First, as a retrospective study, some unmeasured confounders might influence the final results. But we conducted the study in the 2 large medical centers with adequate sample size to minimize the underlying effects. Second, certain biochemical indicators and clinical symptoms are missing for some septic patients included in this study and could not be further confirmed, which may have led to bias in research findings. Finally, because our hospital is a regional critical care center, several sepsis patients here are already critically ill patients referred from other hospitals. Therefore, if the septic patients included in this study had more severe systemic syndromes, including multiple organ dysfunction, higher SOFA score, and serum ammonia level, than the average population of septic patients, this may be one a main reason that ammonia level was an independent risk factor for prognosis.

Nevertheless, it remains necessary to compare these results with those of other studies, and caution must be urged with regard to the effectiveness of serum ammonia in the prognostic evaluation of all patients with sepsis.

6. Conclusion
=============

Serum ammonia and SOFA score are independent risk factors for 28-day mortality rate in septic patients. But serum ammonia might be a more suitable early prognostic indicator for evaluation in patients with sepsis.
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